Contiguous O-galactosylation of 4(R)-hydroxy-l-proline residues forms very stable polyproline II helices.
The hydroxyproline-rich glycoproteins (HRGPs) are the major structural proteins of the extracellular matrix of algae and land plants. They are characterized by a rigid polyproline type II (PPII) conformation and extensive O-glycosylation of 4(R)-hydroxy-l-proline (Hyp) residues, which is a unique post-translational modification of proteins. The functional consequences of HRGP glycosylation remains unclear, but they have been implicated in contributing to their structural rigidity. Here, we have investigated the effects of naturally occurring beta-O-galactosylation of Hyp residues on the conformational stability of the PPII helix. In a series of well-defined model peptides Ac-(l-proline)(9)-NH(2) (1), Ac-(Hyp)(9)-NH(2) (2), and Ac-[Hyp(beta-d-galactose)](9)-NH(2) (3) we demonstrate that contiguous O-glycosylation of Hyp residues causes a dramatic increase in the thermal stability of the PPII helix according to analysis of thermal melting curves. This represents the first quantitative data on the contributions of glycosylation to stabilizing the PPII conformation. Molecular modeling indicates the increase in conformational stability may be due to a regular network of interglycan and glycan-peptide hydrogen bonds, in which the carbohydrate residues form a hydrophilic "overcoat" of the PPII helix. Evidence of this shielding effect of the amide backbone may be provided by analysis of the circular dichroism bands, which indicates an increase in the rho value of 3 relative to 1 and 2. This study gives further insight into the effects of naturally occurring Hyp beta-O-linked glycans on the PPII conformation as found in HRGPs in plant cell walls and also indicates that polyproline sequences may be suitable for the development of molecular scaffolds for the presentation of glycan structures.